Abstract. We have compiled published planktonic foraminiferal oxygen isotope values from the tropical to subtropical Atlantic and Pacific for the late Holocene and Last Glacial Maximum (LGM). We interpret the spatial distribution of 0180values in terms of meridional density gradients in the LGM surface ocean and discuss implications on tropical ocean thermocline structure. In both oceans, glacial 0180values display a pattern of interhemispheric asymmetry evidencedby increasingly higher glacial 0180 values toward northern latitudes. The 0180-deriveddensity estimates suggest that the northern subtropical surface ocean density was higher during the LGM than today, which has significant implications on LGM thermocline ventilation. In the Atl;mtic, steeper density gradients in the northern subtropics during the LGM are consistent with a more compressed subtropical gyre and thermocline water formation farther south than today. In the Pacific the steeper density gradients suggest a significant reduction in freshwater fluxes to the northern tropical and subtropical regions, which raises the possibility of a more significant component of Northern Hemisphere source waters to the tropical Pacific thermocline. These predictions could be tested with numerical ocean models that assess the structure of the tropical thermocline in the glacial ocean.
Introduction
In this study we make use of existing planktonic foraminiferal 8180 data from the tropical and subtropical surface Atlantic and Pacific ( Figure I and Table II ) and explore their utility as a tracer for surface water density. This density approach is important because it circumvents the need to dissect the foraminiferal 8180 values into temperature and salinity components for meaningful paleoceanographic reconstructions. Temperature and salinity define the density of sea water, a property that by itself has significant implications for ocean dynamics regardless of the individual temperature/salinity constituent. While we forgo quantification of past sea surface temperatures (SST), we do not wish to relinquish entirely a discussion of temperature versus salinity changes in accordance with previous studies. However, our primary goal is to demonstrate that planktonic foraminiferal 8180values can be used to reconstruct meridional surface water density gradients. We focus our discussion on implications on glacial age tropical thermocline structure.
Background
Planktonic foraminiferal 1)180data are commonly used to reconstruct SST [e.g., Broecker, 1986; Sikes and Keigwin, 1994; Billups and Spero, 1996; Stott and Tang, 1996 and Oppo, 1997; Wolff et al., 1998 ]. The accuracy of the magnitude of glacial to interglacial temperature variability derived from a foraminiferal 1)180 time series, however, hinges on the validity of assumptions about glacial to interglacial changes in the isotopic composition of the whole ocean reservoir as well as the ambient sea water. Between the Last Glacial Maximum (LGM) and the late Holocene (LH) the whole ocean reservoir reflects an 180depletion due to the decay of continental ice sheets. The corresponding shift in the 1)180 values of sea water was estimated by Schrag et at. [1996] to be 1%0 on average. Unfortunately, as of yet, there is no independent measure for past changes in local evaporation versus precipitation (E-?) patterns, which determine the local surface water salinity and ambient sea water oxygen isotopic composition (1)180w)' A numerical exercise by Norton et at. [1997] portrays the sensitivity of LH to LGM temperature reconstructions to assumptions of glacial surface ocean E-?
and associated
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Salinity and temperature effects that convolute a foraminiferal 1)180signal also define the density of sea water in which a shell calcifies, and a relationship exists between the two parameters [Lynch-Stieglitz et al., 1999] . LynchStieglitz et at. [1999] discuss the application of benthic foraminiferal 1)180values to tracing upper ocean density and geostrophic transport. Eshel et at. [1999] demonstrate that Red Sea coral 8180 values are highly correlated with local sea water density, an observation that allowed the reconstruction of vertical water mass stability. In the tropical to subtropical surface oceans, 1)180 v~lues of predicted calcite (1)180c) (calculated from 1)180", values and SST) also correlate well with surface water density (r=0.98) (Figure 2 ). Thus we show that planktonic foraminiferal 1)180values can also be used as a proxy for surface water density, at least at temperatures and salinities characterizing the tropical to subtropical surface ocean (l5-28°C and 33-36, respectively). Meridional surface water temperature and salinity gradients determine the meridional gradients in density and /)180c( Figure  3 ). Temperature has a maximum at the equator, reflecting maximum energy input into the ocean by the Sun, which diminishes poleward. Salinity is relatively low just north of the equator because of excess precipitation associated with atmospheric updrafts in the region of trade wind convergence and relatively high at -25°N and -25°S because of excess evaporation underneath the trade wind belts. The salinity and 180/160ratio (not shown) of sea water are linearly related on the regional scale by evaporation and vapor transport processes [Fairbanks et ai., 1992; Craig and Gordon, 1965] . Density varies predominantly as a function of temperature in the open ocean [e.g" Pickard and Emery, 1990; Pond and Pickard, 1983] , hence its meridional profile largely follows the meridional temperature gradient (Figure 3) . Increasing calcite /)180values with latitude reflects chiefly the decrease in ambient surface water temperatures ( Figure 3) ; the reconstruction of absolute SST, however, would rely on knowledge of the local isotopic composition of sea water.
Wind and wind-driven surface currents redistribute surface water masses in the upper ocean and determine local gradients in temperature, salinity (and hence the /)180of surface water and biogenic calcite), and density, For example, easterly wind stress in tropical to subtropical regions leaves the Atlantic surface ocean relatively enriched and the Pacific sea surface relatively depleted in salt (and 180) . Relatively large zonal gradients exist in temperature and salinity in the tropical and subtropical oceans within ocean basins because of the predominantly easterly wind stress driving cooler subsurface water to the sea surface in the equatorial regions, along eastern boundaries, and then "piling up" radiatively heated water along the western margins. In the western tropical Pacific, easterly wind stress also leads to important ocean-atmosphere interactions (e.g., the Walker Circulation) which can significantly alter average climate conditions [e,g., Peixoto and Oort, 1992] . Here SST can exceed 30°C, and intense atmospheric updrafts and associated heavy rainfall keep the sea surface relatively fresh (33-34) and of low density (1022 kg m-3) , To avoid averaging data over such differing hydrographic regimes, we have grouped each ocean basin into a western, central (Atlantic only), and eastern region. Within each region, the data can then be evaluated in a series of south-to-north transects (Figures 4-7) and yield a spatially resolved picture of glacial to interglacial changes in surface ocean density gradients.
Methods
In this study have compiled LH and LGM Globigerinoides sacculifer (with and without a sac-like final chamber) and Globigerinoides ruber (white) /)180 data from the Atlantic and Pacific (Figure 1 and Table 1 ). G. sacculifer and G. ruber are two planktonic species that calcify within the surface mixed layer. G. ruber predominantly calcifies in the surface most regions of the mixed layer, while G. sacculifer has a more expanded depth BILLUPS AND SCHRAG:SURFACE OCEANDENSITY GRADIENTS
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'";"";"";"";' '";"";' 116 habitat [e.g., Hemleben et at., 1989] . In particular, G. sacculifer with a sac-like final chamber calcifies deeper in the water column and may therefore underestimate surface temperatures. Inõ rder to obtain a larger data set, however, we have combined both G. sacculifer morphotypes.
We calculate predicted 1)180c values from 1)180 wand SST, using the paleotemperature equation by Epstein et al. [1953] in accordance with Fairbanks et at. [1992] , the source of 1)180c data for the Atlantic. In the Atlantic we compare the LH G. sacculifer and G. ruber 1)180values to 1)180c within each region (Figure 4) . In the Pacific, we compare G. sacculifer 1)180values to 1)180c values derived from the 1)180/cr, regression shown in Figure 2 because of a lack of adequate 1)180w data to calculate more spatially resolved 1)180c values (Figure 6 ). G. ruber 1)180values are on average lower than those of G. sacculifer (-0.4%0 [Deuser, 1987] ). We add 0.4%0to G. ruber 1)180 values to account for this difference.
In the Atlantic we selected cores with sedimentation rates in excess of 2 cm ky(1 that lie above 3700 m in order to minimize bias of the isotopic signal due to bioturbation and shoaling of the glacial lysocline [Curry and Lohmann, 1986] . In the Pacific, dissolution tends to bias the core top samples; the glacial lysocline, on the other hand, is relatively deep, and calcite preservation is better than during the interglacial intervals [e.g., Farrell and Prell, 1991] . A comparison with modem ocean hydrography will show the extent to which foraminiferal 1)180 values reflect the modern conditions in this ocean basin.
At all sites, LH and LGM data were chosen on the basis of 1)180stratigraphy and/or 14Cdating as provided in the original literature. There are inherent uncertainties in this approach; not all data chosen for the LH or LGM time splices may be truly contemporary or representative of these climatic extremes [e.g., Broecker et al., 1999] . In fact, much of the data scatter could stem from grouping data of differing ages. Because our major conclusions do not rely on observations made from single data points, age discrepancies do not significantly affect the findings of this study.
Results

Atlantic
Meridional density gradients in the western, central, and eastern Atlantic are largely similar to the more generalized curve depicted in Figure 3 (Figures 4a-4c ). All have a minimum at -soN, but the rate of density increase with latitudes differs. For example, in the western Atlantic the Northern Hemisphere has markedly lower density in comparison to the south, reflecting the disproportional larger amount of warm water advected to the north in the western boundary current. In the eastern Atlantic (Figure 4c ), density increases rapidly with latitude, reflecting the relatively cool and dense waters flowing toward the equator within the eastern boundary currents.
Meridional profiles of the 1)180values of predicted calcite reflect the density gradients well (Figures 4d-4f) . This is to be expectedbecausethereare amplesea water1)180w measurements to determine 1)180c with a high degree of spatial resolution [Fairbanks et at., 1992] . For example, in the northwest the 1)180gradient is steep, in good agreement with the local density gradient (Figures 4a and 4d ). In the central and eastern Atlantic the meridional /)180gradient is symmetrical about 5°N, in excellent agreement with the shape of the modern density gradient (Figures 4e and 4f ). With few exceptions, planktonic foraminiferal /)180values (G. ruber +0.4%0 and G. sacculifer) from the late Holocene follow the /)180,gradients, and hence density gradients, well (Figures 4d-4f ). Low density that characterizes the northwestern Atlantic today is expressed by low planktonic foraminiferal /)180values in comparison to values in the north central and northeastern regions. Foraminiferal /)180 values also reproduce the relatively steep density gradient in the northeastern Atlantic, even though values between 18°N and 20oN appear to be too low by -0.5-1%0 (Figure 4f ). We suspect that relatively low /)180values in this region do not represent an annual signal but rather growth during the nonupwelling, warm season [Deuser et ai., 1981; Deuser, 1987] .
In the glacial ocean, meridional 8180 gradients are largely similar to those of the late Holocene, although important differences exist. The zonal 8180 gradient in the Northern Hemisphere was reduced with respect to the late Holocene as evidenced by 8180 values in the glacial northwestern Atlantic as high as in the central and eastern regions (Figure 4d) . Moreover, the entire northern subtropics underwent more extreme glacial to interglacial shifts in surface ocean hydrography than equivalent latitudes in the Southern Hemisphere. The planktonic foraminifera display a trend of increasingly higher glacial 8180 values toward the north (Figures 4d-4f) ; however, the data scatter is large. Relatively large data scatter is not surprising given the number of environmental and ecological variables that can affect foraminiferal 8180 values [e.g., Mulitza et al., 1998; Lohmann, 1995; Fairbanks and Wiebe, 1980; Ravelo and Fairbanks, 1992; Bouvier-Soumagnac et al., 1986; Spero and DeNiro, 1987] in addition to analytical discrepancies between laboratories and temporal uncertainties.
In order to better illustrate the LGM versus LH differences in meridional /)180 gradients we have averaged values from adjacent sites (for each species separately; see Table 1) ("'1)180) ( Figure 5a ). A clear trend emerges of increasing ",1)180 with north latitude (Figure 5a ). In the southern subtropics, a minimum change of -1 %0approximates the 1)180shift of -1 %0 that can be ascribed to change in global ice volume alone. In the northern subtropics the maximum ",1)180 amplitude of 2%0 far exceeds the magnitude of global ocean reservoir changes. These observations suggest that beyond global ocean density increases the southern subtropical sea surface density varied relatively little between the two climatic extremes, while the northern subtropical sea surface density increased (Figure 5b ). Little change in foraminiferal 1)180values above the whole ocean background would also suggest insignificant additional local density variability. Therefore we can assess local or regional hydrographic changes by subtracting 1%0from LGM 1)180values to account for the ice volume effect leaving a residual local 1)180 signal from which we calculate the corresponding surface density (using the regression given in Figure 2 ). In this scenario, no change in relative density occurred in the Southern Hemisphere, where the ",1)180 of the foraminifera was -1%0. In the northern subtropics, on the other hand, the surface water density increased by between 0.75 kg m-3and 1.5 kg m-3 (Figure 5b ). The magnitude of this density change is significant; it is comparable to the seasonal density contrast in the central North Atlantic at 25°N [Levitus andBoyer, 1994] . A differentapproachwouldbe to account for LGM ocean density changes due to a higher ocean salt content (assuming LH average salinity of 35.0 and LGM average salinity of 36.2). While the absolute values of the change in density derived in this manner are generally higher by as much as a factor of 2 (not shown), the nature of the density gradients is the same.
Pacific
Meridional density profiles in the Pacific are largely similar to those in the Atlantic with minima just north of the equator and relatively steep gradients toward the poles ( Figure  7) . As in the Atlantic, regional differences are important. In the westernmost subtropical North Pacific, the South China and Sulu Seas region (-lOON and 1200E), density is particularly low, reflecting the relatively high amount of rainfall received in this region because of the strong influence of the Indonesian low-pressure cell [Peixoto and Dart, 1992] (Figure 6a ). In the eastern equatorial Pacific, between -50S and 0°, the density plateau (Figure 6b ) reflects the effect of upwelling of cooler and more dense subsurface water within the equatorial cold tongue.
Late Holocene G. sacculifer 1)180values from the Pacific agree well with the modern density (and corresponding 1)180) gradients even though the foraminiferal data scatter is large (Figures 6c and 6d) . Foraminiferal 1)180 values decrease rapidly from 35°S toward the equator in the western Pacific, in agreement with the slope of the density (1)180) (Figures 6b and 6d) . The agreement between late Holocene 1)180 values and the modern hydrography, particularly in the east, is encouraging because it suggests that the meridional gradients have not been masked significantly by low sedimentation rates and carbonate dissolution.
In the glacial Pacific the familiar trend of increasingly higher 1)180values with north latitude prevailing in the Atlantic is also apparent (Figure 6 ). Again we use average (Table I) . (b) Meridional gradients in the glacial to interglacial amplitude of surface water density changes above whole ocean density changes. Little change in foraminiferal 1)180 values above the whole ocean background suggests little additional local density variability. Therefore we assess local or regional hydrographic changes by i subtracting 1%0 from LGM 1)180 values to account for the ice volume effect leaving a residual local 1)180 signal from which we calculate the corresponding
LGM surface density (using the regression given in Figure 2 and plotting the LGM-LH density difference). Hence the 1%0 mark on the MI80 scale (Figure 5a ) corresponds to the 0 kg m'3 mark on the density scale.
- 40 -30 -20 20 30 values to highlight these trends (Figure 7a ). In the western subtropics the AOl80amplitude increases from -1 %0at 30oS to almost 2%0at 30oN (Figure 7a ). In the eastern Pacific, AOl80 values increase from 0.75%0 at 25°S to 1.5%0 at lOoN. As in the Atlantic, minimum AOl80values recorded in the southern subtropics are close to the global ocean 0180 shift of 1%0due to the ice volume effect, while a maximum amplitude of -2%0 in the Northern Hemisphere suggests that significant changes took place in local surface water hydrography. In the eastern Pacific, it is possible that the meridional AOl80 gradients have been affected in part by low sedimentation rates, corrosive bottom water, and the associated bias toward higher core top 0180 values. Sedimentation rates tend to be highest at the equator (e.g., Table 1 ), and we would expect that the amplitude of the glacial to interglacial 0180 signal is larger than at sites to the north and south. Particularly low sedimentation rates (-1 cm ky(l) characterize three of the southern sites as well as the most 40 northern site (Table 1) . The relatively small amplitude in Southern Hemisphere AO180shift may in part be due to a relatively high degree of dissolution among the core top assemblages. At lOoN a relatively high AOl80 value is apparent despite the low sedimentation rates; it might actually underestimate the true climate signal in this region. We are confident that the AOl80gradient toward northern latitudes between the equator and lOoN is real and reflects an increase in the local density of surface waters in the Northern Hemisphere in comparison to sites at equivalent latitudes in the southern hemisphere. Low sedimentation rates and dissolution do not plague our interpretations from the western Pacific (or Atlantic) because they do not vary systematically with latitude (Table 1) . They do, however, hamper discussions about glacial to interglacial changes in the zonal 0180 gradients between ocean basins and within the Pacific.
Following the example from the Atlantic, we have calculated the glacial to interglacial amplitude in surface water density after accounting for whole ocean changes due to polar freshwater storage (A density, Figure 7b ). Results suggest that the residual density of the southern subtropical regions remained the same between the glacial to interglacial climate states. In the northern subtropics the relative density increased by as much as 1.7 kg m,3 in the South China Sea region, by -1 kg m-3farther north, and by 0.75 kg m'3 in the east at lOoN (Figure 7b ). For comparison, the seasonal density at these sites varies by 0.9 kg m-3, 3 kg m-3, and 0.3 kg m'3, respectively (Table 2) .
We use the seasonal analogue to attempt a diagnosis of glacial to interglacial changes in surface water density. In the South China Sea, seasonality is dominated by salinity changes (Table 2 ). Hence we speculate that the glacial to . .
..
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. interglacial density contrast stems from a higher glacial sea surface salinity in accordance with previous findings from the region [e.g., Martinez et al., 1997] . This scenario would be consistent with reduced net freshwater fluxes from the Atlantic to the Pacific and more arid tropics during the LGM. At 30oN, seasonal temperature changes are large, while salinity remains relatively constant (Table 2 ). It seems likely that on glacial to interglacial timescales temperature changes dominate the density properties as well. In the east at lOoN, a region which lies within the expanse of relatively warm and fresh tropical surface water that extends westward from the coast of Costa Rica [Wyrtki, 1966] , neither temperature nor salinity vary appreciably between the cold and warm season. In this case the seasonal analogue provides no basis for speculation about the significance of past temperature versus salinity changes. 
Discussion
40
Our compilation of planktonic foraminiferal 8180 values suggests that during the LGM, more extreme changes in surface hydrography occurred in the northern tropical to subtropical .regions than at equivalent latitudes in the Southern Hemisphere. In the Atlantic a cooling of the sea surface is not surprising given the relative proximity of a large North American and Greenland ice sheet. In the Pacific, however, it is unlikely that a more distant Northern Hemisphere ice mass exerted as great a direct temperature control on the tropical to subtropical sea surface. Regardless of the cause, the relatively high density in the northern subtropical regions may have important implications on the structure of the tropical thermocline because thermocline water originates at subtropical latitudes. Thermocline waters are produced by Ekman pumping in regions of maximum wind stress curl (e.g., 30oN and 300S) and by buoyancy fluxes when surface waters cool during the winter in either hemisphere [e.g., Tsuchiya et aI., 1989] . Climate conditions at the sea surface at latitudes of isopycnal outcropping can affect the vertical structure (e.g., depth and/or intensity) of the tropical thermocline [Luyten et aI., 1983; Bleck et aI., 1989; Pedloski, 1994, Slowey and Curry, 1995] . For example, a shift in the latitude of thermocline water production may affect the depth to which waters can sink and therefore the vertical structure of the tropical thermocline. In turn, such changes could modify the thermal structure of the tropical surface ocean by decreasing or increasing the temperature of source waters to the tropical ocean upwelling regimes [Luyten et aI., 1983] . In addition, the strength of subtropical winds can influence thermocline stratification by changing the amount of Ekman downwelling and hence the amount of relatively warm surface waters feeding the tropical thermocline [Liu and Philander, 1995] .
In the Atlantic the relatively large increase in foraminiferal 8180 values toward northern latitudes leads us to believe that the region of thermocline water formation may have migrated or expanded toward the equator. Steeper subtropical density gradients in the North Atlantic are consistent with previous studies which have shown that during the LGM the position of the northern polar front, which is associated with the boundary between the Atlantic subtropical and subpolar gyre, was located farther south and in a more zonal position than today [e.g., Ruddiman and McIntyre, 1976; Climate: LongRange Investigation, Mapping, and Prediction (CLIMAP) Project Members, 1981] . Most likely, the polar front was forced toward the south by the growth of a large continental ice sheet modifying the westerly wind field [Kutzbach and t Temperature",°C . Guetter, 1986] . Consequently, the locations of Ekman upwelling (e.g., in the subpolar gyre) and downwelling (e.g., in the subtropical gyre) became more zonal and shifted to the south [Keffer et aI., 1988] . If these reconstructions are correct, they should imply a more compressed subtropical gyre than today and steeper temperature gradients in the middle to low latitudes. A reconstruction of the upper ocean vertical temperature profile in the western Atlantic provides evidence that ventilation of the glacial subtropical thermocline was indeed stronger and that the thermal gradient across the thermocline was steeper Curry, 1992, 1995] . The spatial distribution of glacial age planktonic foraminiferal 1)180values in the Atlantic lend support to these studies.
In contrast to the Atlantic, in the Pacific the tropical thermocline is predominantly ventilated from the south. Salinity measurements indicate that 50-75% of the equatorial thermocline water originates in the Southern Hemisphere with smaller contributions from the north [Tsuchiya et aI., 1989] . This is, in part, because the Intertropical Convergence Zone (at -5°N, on average) poses a barrier to water mass exchange and favors ventilation from the south. In addition, Southern Hemisphere ventilation dominates because the North Pacific thermocline loses water through the Indonesian Throughflow which must be balanced by cross-equatorial advection from the Southern Hemisphere [Rodgers et aI., 1999] .
Distinct north-to-south, cross-equatorial gradients exist in the temperature and salinity of thermocline water. Along isopycnals, Southern Hemisphere water tends to be warmer and more saline than northern component source waters owing to differences in freshwater fluxes at the sea surface [e.g., Tsuchiya et al., 1989; Rodgers et al., 1999] . Varying the proportion of Northern versus Southern Hemisphere source waters to the tropical thermocline offers a mechanism that can influence the structure of the tropical thermocline and the temperature and salinity of the upwelling water [Rodgers et al., 1999] . Furthermore, it has been argued and illustrated in numerical ocean models that temperature anomalies set in the regions of thermocline outcropping in the North Pacific can be propagated down and toward the equator where they may contribute to the temperature anomalies of upwelled water [Deser et aI., 1996; Gu and Philander, 1997; Zhang et al., 1998 ]. While such a process hinges on the assumption that the Pacific thermocline is a closed system, it is intriguing because it implies an extratropical forcing of tropical climates.
Our compilation from the Pacific is critical because unlike in the Atlantic, no data exist to directly reconstruct the threedimensional nature of the thermocline in the subtropical regions, and only little information is available on thermocline stratification during the LGM [Ravelo and Shackleton, 1995; Patrick and Thunell, 1997] . Therefore we must rely on the meridional surface density gradients as a recorder of subsurface processes. Our results provide strong evidence for a significant increase in the density of Northern Hemisphere subtropical surface water. Without a significant source of freshwater input to the western subropics (and generally lower SST), the northern limb of the North Pacific gyre was more dense than today. We speculate that during the LGM the proportion of Northern Hemisphere water sinking into the tropical thermocline was increased with respect to today. A relative increase in Northern Hemisphere thermocline water source relative to Southern Hemisphere sources would affect the thermal structure of the tropical thermocline and lower the temperature of the upwelling water along the equator. A relative increase in northern subtropical sea surface dens'ity may also have presented favorable conditions for enhanced intermediate water ventilation in the glacial North Pacific [Keigwin, 1998] . Furthermore, relatively high North Pacific salinities reduced the Atlantic to Pacific salinity gradient, which may have affected North Atlantic deep water production rates during the LGM [Broecker, 1989 [Broecker, , 1991 . While speculative at the moment, these predictions could be tested in numerical ocean models such as those that assess the structure of the tropical thermocline specifically and sea surface temperature and LGM climate changes more generally [e.g., Bush and Philander, 1998; Gu and Philander, 1997; Zhang et al., 1998; Ganapolski et aI., 1998 ].
In addition, our compilation has important applications for numerical modeling of ocean and atmospheric circulation. The interhemispheric asymmetry evidenced by foraminiferal 1)180 values provides a specific test for glacial boundary conditions such as sea surface temperatures and water vapor transports. For example, in combination, specified temperature and salinity values should resemble the observed increase in Northern Hemisphere surface water density. Conversely, glacial climate model output needs to correctly reproduce the asymmetry of the meridional density gradient. Furthermore, our compilation provides a very direct test for modelers who integrate climate signal modeling with observations from the sediment record [e.g., Schmidt, 1999] .
Conclusions
We have compiled published planktonic foraminiferal oxygen isotope values from the tropical to subtropical Atlantic and Pacific for the late Holocene and theoLast Glacial Maximum. Our compilation suggests that during the LGM, more extreme changes in surface ocean density occurred in the northern tropical to subtropical regions than at equivalent latitudes in the Southern Hemisphere. In the Atlantic the results support prior reconstructions of LGM surface ocean hydrography and thermocline ventilation, suggesting a more compressed Northern Hemisphere subtropical gyre. In the Pacific this interhemispheric asymmetry is more likely a phenomenon of significantly reduced freshwater fluxes to the northern tropics and subtropics. The increase in surface ocean density in this region has implications for thermocline ventilation, suggesting that the proportion of Northern Hemisphere source waters to the tropical thermocline was greater during the LGM than it is today. We speculate that a greater Northern Hemisphere thermocline water source would also cool the waters upwelling in the equatorial Pacific, which might be testable with numerical ocean models.
